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face by connecting the surface through capacitive
means to a radio frequency source, and simultaneously

exposing the surface to a plasma generated in a hydro- .
carbon gas. |
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o APPLICATION OF A LAYER OF :
CARBONACEOUS MATERIAL TO A SURFACE

~CROSS REFERENCE TO RELATED
"APPLICATION .

4 382 100

This appllcatlon is a contlnuatlon-ln-part of appllca- )

tion Ser. No. 824111 filed Aug 12, 1977 and now aban-

doned. | | |
' BACKGROUND OF THE INVENTION

o IIIO

ThlS invention relates to the apphcatlon of a carbona-

- ceous Imaterial to a surface.

Several methods are known of applymg carbon toa -

surface, but they may have disadvantages. If carbon is
evaporated in vacuo and deposited on an electrical
conductor or insulator, the deposition rate may be low
- and the carbon coating may not adhere firmly. If carbon
~ from a carbon target is sputtered in an argon glow dis-
charge on to a surface, only a small quantity of carbon

- 1s released per incident positive 1on so that only a slow

‘growth rate can be achieved, perhaps of the order of a
monolayer per second. A hydrocarbon gas may be ex-

- posed to energetic electrons from a hot electron emitter
or a cold cathode or radio frequency glow discharge
- and a carbonaceous film deposited, but when the

polymer-like film which forms contains a high propor-
-tton of carbon, adhesion to the substrate may be poor. In

15

20

2 ‘carbonaceous material to a surface consisting of placing

'yet another method, a metal cathode in a d.c. glow

discharge may be exposed to a hydrocarbon gas so that

30

- carbon grows on the cathode, but the deposited carbon

1s of low electrical conductivity, which limits the con-

-duction current and allows an accumulation of posmve

| charge on the coated surface. |
It is also known to employ a radio frequency (r.f.)

- system in a method of applying a carbon-containing
-material to a surface. In the Japanese Journal of Applied

Physics, Volume 12, 1973 No. 5, page 69, Tekeda and
Saito use an r.f. discharge excited by an induction coil

to' form polystyrene film from styrene monomer. In

Thin Solid Films, Volume 23, 1974 page S45, Ando and
Aozasa use a triode system with one electrode coupled

to ar.f. system; a glow discharge is developed in a gas

such as styrene and a film of a polymer, such as polysty-
rene, is deposited on the r.f. coupled electrode. How-

ever, a frequency of 100 kHz is used and it is believed |

that only material containing a high proportion of car-

bon-hydrogen bonds can be deposited, that is, a conven-

tional high polymeric material.

- A specific method of applying a layer of carbon to a
substrate surface is described in U.S. Pat. No. 3,961,103,
Aisenberg. A carbon-containing plasma is generated in
a higher pressure plasma ion chamber. By means of an

35
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- the second chamber in a two-step process with conse-
.. quent complexity of control apparatus. A further disad-
‘vantage 1s that, since an ion beam is used to supply the

coating material, and since such beams rarely exceed 1
centimeter in diameter, only a small area of substrate
can be coated. Yet another disadvantage is that during

the extraction process a considerable percentage of
material is lost and the positive ions in the beam form
- only a fraction of those available in the plasma. |
It 1s an object of the present invention to provide a
- method of coating which is less complex, which is capa-

ble of operating over an area substantially greater than
in the prior art, and which can operate at substantlally |

higher deposition rates.

In this specification, the term carbonaceons meansa

- material which is either pure carbon, or carbon contain-
‘ing a small proportion of hydrogen or other element;

the number of carbon-hydrogen bonds is smaller than
the number occurring in the (CHj), general structure of

a hlgh polymeric or plastlcs material.

DETAILED DESCRIPTION OF THE |
- INVENTION |

' Accordmg to the invention, a method of applymg a

the surface in an enclosure containing a gas at less than
atmospheric pressure, the gas consisting substantially of

‘carbon and hydrogen and simultaneously generating a

plasma in the gas in said enclosure and applying to the

surface through capacltlve means an electrical potential
~which changes sign at time tntervals of between

5X10- —9 and 10—6 seconds. -
~ The surfaces may be of a conducting or semlconduct-

1ng material, when the capacitive means comprises a

| _Separate capacitor, or the surfaces may be of an insulat-

45
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~ extraction electrode, positive ions are extracted from -

- the plasma and transferred to a lower pressure vacuum
deposition chamber through a constrictor means sepa-
rating the two chambers. The extraction electrode

~ forms and accelerates a beam of positively -charged

atomic particles and the beam then impinges on a sub-

strate to be coated. The carbon may be introduced into

33

ing material, when the bodies of material may them- o

selves comprise the capacitive means.
-The gas will normally be a hydrocarbon compound
with the optional addition of a small proportion of an-

~other gas if a “doped” carbonaceous layer Is required on

the surface. |
- The plasma may be generated in a two electrode

system by said source of radio frequency or may be

generated in a three electrode system by separate
means, for example an additional radio frequency
source or a hot cathode or a cold cathode glow dis-

charge arrangement.

In a two-electrode system, the plasma is generated by
connecting the surface through capacitive means to one
terminal of a source of electromagnetic radiation at a
frequency of between 0.5 and 100 megahertz, and con-
necting the other terminal of the source to an electrode'
spaced from the surface. |

‘In a variation, two spaced surfaces to be coated s1mul- __

taneously are connected through respective capacitive

means to a different terminal of a source of electromag-

- netic radiation at a frequency of between 0.5 and 100

the plasma chamber in the form of a hydrocarbon gas

~ such as methane. A d.c. bias voltage may be applied to

‘the substrate, and a radio frequency voltage may be
superimposed on the bias voltage to alternately bias the
‘substrate surface positive and negative.

megahertz. - |
- In a conventional sputtering process when carbon 1S
to be deposited, a carbon target is bombarded with

~ positive ions which release particles of the target mate-

. rial for deposition on a separate substrate. In the present
. process, in complete contrast, a carbonaceous material

65

In such a method; it is essential to prowde two sepa— -

~ rate chambers at different pressures, to generate a
plasma in one chamber, and to extract positive ions into

is deposited directly on the “target”. Further, conven-
tional sputtering is normally carried out in an atmo-

- sphere of argon or argon and ovygen, and the presence

- of a hydrocarbon gas is considered deleterious. In the
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present invention, a hydrocarbon gas is deliberately
introduced and the presence of argon or oxygen or
water, even at small concentrations, inhibits the growth
~ of carbonaceous matertal on the surface by reducing the
growth rate. . - 5

In a conventional sputtering process in which a mate-
rial 1s deposited on an insulating substrate, it is usual to
apply a radio frequency signal to the target to prevent
butld-up of a positive charge layer. Since electrons
move more quickly than the much heavier positive ions 10
present, the effect is to give the substrate a net negative
charge, provided the frequency i1s between about 0.5
megahertz and 100 megahertz. This effect also occurs
when the method of the present invention is used, and

- the substrate to be coated will be at a negative potential 15

with respect to the plasma; this 1s an essential condition
for the application of a carbonaceous material to the
substrate by a method according to the invention.

. Itis to be understood that, in the method according to

the present invention, .conventional radio-frequency 20

~ sputtering apparatus is used. By use of a hydrocarbon
gas and the appropriate r.f. frequency, it 1s possible to
apply a layer of carbon to a substrate in a novel coating
method

BRIEF DESCRIPTION OF THE DRAWINGS

The lnventlon will now be descrrbed by way of exam-
ple with reference to the accompanying drawings in
which: -
- FIG. 1 illustrates apparatus for applymg carbon toa 30
surface of an insulating material by a method according
to the invention; | | _

FIG. 2 is a detailed view of the electrical connections
used when the carbon i is to be applied to an electrlcally
conductlng surface; - - 35
~ FIG. 3 illustrates an alternatwe radlo frequency sup-
ply arrangement;

FIGS. 4(a) and 4(b) lllustrate apparatus by which

25

- carbon may be applied to the inside of a conducting

tube and an insulating tube (shown in sectlon) respec- 40

: tively; and

FIGS. 5(a) and 5(b) 111ustrate schematically alterna-
tive ways of generating a plasma from a supply other
than the radio frequency source connected to the sur-
face to be coated. 45

In FIG. 1 a glass shide 10 1S supported by a metal
electrode 11 which is insulated at 12 from the grounded
- base plate 13 of a vacuum chamber 14. The electrode is
connected through a coaxial lead 12A to one terminal of
a 13.56 megahertz power supply and matching network 50

. 15, the other terminal of which is grounded. This fre-

- quency is of a convenient value and is also a permitted
- radiation frequency. A thin metal shield 8 supported by
‘the base plate 13 is arranged around the surface to be
~coated. | 55
‘The base plate also carries a tube 16 connectable as
indicated by the arrow 17 to a vacuum pump or to an air
admission valve 18; a vacuum gauge 19; and a tube
connection to a needle valve 20 through which a gas
~ supply may be connected as indicated by the arrow 21. 60
In operation, the chamber 14 is evacuated to 10—3
torr, and butane gas is admitted through the needle
valve 20 to a pressure of between 10—2 and 10—1 torr.
Connection of the power supply 15 to electrode 11
causes a plasma 22 to form in the chamber between 65

 electrode and earthed base plate 13 (which constitutes

~ an r.f. electrode). Under these conditions it has been
found that in a few minutes a layer of carbon forms over

4

the whole upper surface of the glass slide 10, as indi-

- cated by reference 23. The layer was found to be several

micrometers in thickness, hard and tenacious, and resis-
tant to scratching by glass of the same kind as the slide.
The shield 8 prevents deposition on other surfaces by
spatially limiting the positive ion sheath in the plasma.

FIG. 2 indicates the connection to the electrode 11

‘when a conducting or semiconducting substrate 24 is to

be coated. The electrode 1s then connected to the radio
frequency supply 15 through a 600 pF blocking capaci-
tor 26. Under similar conditions to those described
above, a carbon layer 25 will be deposited on the sub-
strate. This arrangement also shows a water-circulation
system 9 in contact with the electrode 11 to provide
temperature control.

- FIG. 3 illustrates an alternative arrangement to the
grounded supply used in the apparatus shown in FIGS.
1 and 2. In a balanced system, two similar spaced elec-
trodes 27, 28, each equivalent to electrode 11, are con-
nected one to each terminal of the supply 15. The elec-
trodes must be capacitively coupled when conducting
and semiconducting substrates are to be coated Two

-surfaces can be coated simultaneously.

- The spacing between the capacitively coupled elec-
trode 11 and the earthed base plate electrode 13 in FIG.
1, or between the two capacitively coupled electrodes

- 27, 28 in FIG. 3 must be sufficient to allow a plasma to

be excited, and must be greater than the depth of the
positive sheath in the plasma. The minimum spacing is

‘usually about 2.5 centimeters and a practical spacing 1s
.several times greater.

In modified arrangements the second r.f. termmal can
be connected directly to the base plate 13 instead of

xthrough earth.

In FIG. 4(a) the 1nsrde of a metal cylinder 32 may be

- coated with a carbonaceous material by sealing the ends

of the tube by insulated connectors 33, 34, evacuating
the cylinder through a tube 35, supplying hydrocarbon
gas through a tube 36, and connecting the cylinder
through a blocking capacitor 37 to a radio frequency
source. In FIG. 4(b) an insulating cylinder such as a
glass tube 29 surrounded by a cylindrical metal elec-
trode 30 can be connected directly to the source with-

out the blocking capac1tor A carbonaceous layer 31

will be deposited in the tube.
In FIG. 5(a), the vacuum chamber 14 is surrounded

by a coil 40 which constitutes a separate source of

plasma excitation and which is connected to a second

‘radio frequency source 41 which is used to generate the

plasma, while the radio frequency source 15 1s con-
nected to the electrode 11 as before. In FIG. 5(b), a
plasma 42 is generated between a hot tungsten filament

- 43 connected to a power supply 43A, and an electrode

44 connected to a power supply 44A, and the electrode
11 connected through blocking capacitor 26 to the
source 15 is immersed in the plasma. In both cases, a
blocking capacitor is required when a conducting sub-
strate is to be coated, but may not be needed when an
insulating substrate is to be coated. | |
Although temperature control by water-circulation

~ has been shown only in FIG. 2, it may be applied to any

of the other arrangements. If temperature is to be n-

- creased, in an alternative arrangement an excess of r.f.

power may be applied to the surface to be coated,
which will raise the temperature.

In all arrangements, the hydrocarbon gas in the
plasma is bombarded by electrons and is dissociated and

ionised. During part of one half of the r.f. cycle, the
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~ surface to be coated is in a region where the applied

electric field attracts electrons which, because of their

4,382,100

“high speed and the short distance of travel, arrive al- '

most instantaneously. Because the surface is connected
to a capacitor, the electrons cannot escape through the
surface. When the negative charge from the accumula-
tor electrons result in a potential equal and opposite to
that of the applied potential, positive ions are attracted
to the negatively charged surface and when they im-
pinge on it their charge is neutralised by the electrons,
which are replenished from the plasma during part of
the next half cycle. The positive ions move much more
slowly than the electrons so that the surface has a net

ions are to have sufficient energy for the surface to be

6

hydrogen is present in the layer due to sorptioﬁand ion

burial. The carbon does not have a crystalline structure
but has useful properties. For example such a coating on

- asilicate glass substrate cannot be scratched by a similar

glass or by hard metals such as tungsten carbide; the

- coating 1s resistant to attack by solvents and active -

agents which dissolve polymeric hydrocarbons; the

- coating has a high electrical resistivity, of the order

10

1012 ohms per square for films of about 0.2 um thick,
and good electric breakdown strength. The refractive
index is about 2 and the coating is transparent to mfra-
red radiation at wavelengths above about 1 pm.

N (111) graphitic carbon
negative charge throughout the r.f. cycle. If the positive

15

coated, they must be accelerated towards the surface by -
the negative charge and the reversal of field at the sur-
face must be sufficiently fast to keep the surface at a -
fairly high net negative charge with respect to the .

- plasma. Suitable frequencies are 0.5 to 100 megahertz.
- The surface is bombarded by carbon ions, hydrogen
ions, gas molecular ions, ionised fragments and ener-
- getic neutral particles. It is believed that the energy
deposited on the surface removes superficial matter

20 also affected by the temperature of preparation. The

As with type (11) thefe are no carbon—hydrogen bonds

of the type in a (CHy) chain characteristic of a polymer

structure. The material has the usual graphitic structure,

‘with the associated low electrical resistivity, about 10%
~ohms per square for a coating about 0.1 pm thick.

-The properties of the deposited carbonaceous film are

- surface may either be cooled or heated by provision of

from the substrate and results in the mlplantatlon of 25

carbon The materlal deposited on the surface is richer

a water circulating system in contact with the support-
ing electrode or may be heated by the supply of high r.f.
power. The pressure of butane gas and the negative bias

voltage on the surface also affect the type of carbona-

ceous coating, as illustrated in the Table I below.

"TABLE 1
- | Unit input  Growth . .
- Temperature Input  power . rate “Film Target B
- of Surface  power . watts A’ thickness = Pressure bias Type of
°’C. watts cm? torr minute A° torr - volts deposit
15 30 1 - ~100 - 4,000 0.6 80 . “polymeric”,
- | o 3 ] : - o . - C—H bonds
o - S - a o ~ present.
15 180 - - 24 ~ 500 1,600 015 -—-600 . amorphous
>150 . 420 56 .~ ~800 8000 . 015 . —1300 graphitic
15 450 1,800  ~800 . 2,000 5x 10~3 graphitic.

— 1,500

in carbon than the hydrocarbon gas because hydrogen
atoms and molecules are more easily removed from the
surface. It is believed that the effect is due to the low
self-sputtering yield of carbon and the low sputtering
yield for hydrogen impinging on carbon.
- The proportion of hydrogen in the material with
which a surface is coated by a method according to the
invention depends on the conditions used. Three differ-

40

It can be seen that the r.f. power mput per unit target |

- area and per one torr pressure is an important factor in

45

-ent structural types of coating produced under different

conditions can be distinguished, although the three
types merge from one to the other with no clear divi-
sion.
(1) “polymeric” type

The carbonaceous layer contains numerous carbon-
hydrogen bonds (detectable by infra-red absorption
methods) as well as carbon-carbon bonds. The material
1s formed on the surface when fragmented and reacted
hydrocarbon molecules in the plasma combine with
hydrocarbon molecules to form larger molecules as

50

| target

55

-they all then impinge on and receive alternate electron
and positive ion bombardment on the surface. Such a

structure may be useful if, for example, the coated sur-
face is to be carbonised by heating, when the hydrogen
will be removed at the elevated temperature.

(11) amorphous. carbon |

Such a layer contains no carbon—hydrogen bonds,

N because any molecule containing a carbon-hydrogen
‘bond and which has condensed on the surface is ex-
posed to the impact of positive ions and electrons in

alternate r.f. half-cycles at energies and impact rates per

unit area sufﬁcwnt to break any such bonds, although

determining the type of deposit. Further, gases other
than butane may be used, i.e. hydrocarbon gases having
lower or higher molecular weights, and thermally
vapourised compounds of up to 400 or 500 atomic mass
units; the higher the molecular weight at a given gas
pressure and temperature, the greater the required input
power, hence the range of values in Table II below,
which illustrates the type of depomt pmduced on a glass

| ._TABLE iI

r.f. watts input to plasma
per umt target area and
‘per one torr pressure.

type of film
deposited on glass

cm? torr L
up to 20 “polymeric film”,
o | : C~H bonds present
>20t0 200 . ~ amorphous -
>200 - graphitic

 Since the surface was glaas and of low thermal conduc-

65

tivity, the temperature of the surface on which deposi-
‘tion took place was above 200° C. at high input powers,

leading to the change in structure. If an amorphous

carbon layer is heated after the deposnmn process, a

- similar change occurs.
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In Table II, the deposits were made at 'potehtials
down to —80 volts at 5X 103 terr and below — 100
volts at 0.6 torr.

Materials to which a layer of earbon has been apphed

- by a method according to the invention may be used in

circumstances when corrosion resistance or surface
hardness are required or may be used as high -value

resistors, or as a passivating film on a semi-conductor to
prevent corrosion or adsorption of gases etc. The coat-
ings also have optical properties which make them suit-

10

‘able for use as absorption filters of controlled density,

-~ optical interference films of high refract:ve index, to

reduce the surface reflectivity of e.g. germanium, and
abserptwe coatings on opthalmic lenses. Further, the
technique may be used for chemical modification of a
.metal surface by formation of carbides or reduction of
OXygen content ,.

In addition to the method using a gas centalmng only
carbon and hydrogen, other organic gases may be used,
etther in admixture with a purely hydrocarbon gas or
alone, provided.the content of reactive elements such as
oxygen 1s not sufficient to remove the carbon as fast as
it 1s deposited. A net depesmen 1s the requlred condi-

Further ether elements in atomic or- - molecular gas
form may be added to the hydrocarbon gas, provided
the sputtering yield of the additional element is insuffi-
cient to cause complete removal of the deposited car-

bon layer. For example, small additions of inert gases 30
timeter—2 torr—1.

may enhance the dissociation of the hydrocarbon gas in
the plasma, even though such a gas may reduce the rate
of carbon deposition. Other elements, such as group III
or group V elements 1n gaseous compounds, may be
added to the plasma and will be implanted or trapped in
the carbon film as it is deposited; an example is implant-
~ ing boron from boron hydride or boron chloride.
The invention has been described with reference to
the application of carbon to a flat substrate or the inter-
' nal surface of a cylinder. It is to be understood that
there is no limitation on the shape of a surface which
" can be coated; the surface may be flat or curved, and the
surfaces of a three-dimensional ob_lect can be treated.
Also, the area of surfaee which can be coated is limited
by the area covered by the plasma, which in turn is
'_hmlted by the size of the vacuum chamber 14 in which

15

20

25

8

- (3) supplying to the enclosure a gas consisting essen-

tially of carbon and hydrogen to a pressure suffi-
cient to sustain a plasma, and
snnultaneously
generating a plasma in the gas in said single en-
closure, while
applying the surface through capacitive means

an electrical potential which changes sign
cyclically at time intervals of between

5% 10— and 10—9 seconds, .
whereby the surface is maintained at a net negative
potential with respect to the plasma so that positive ions
are attracted to the surface during a part of each electri-
cal potential cycle solely by the provision on the surface

of the net negative potential resulting in a earbonaeeous

material being deposited on the surface.

2. A method according to claim 1 in which the gas is
a hydrocarbon. |

3. A method accordlng to claim 2in whlch the hydro-

carbon is butane.

4. A method according to claim 2 in which the sur-
face 1s maintained at ambient temperature and the

| pewer input apphed to unit area of the target per unit

reduced pressure IS less than 20 watts eentlmeter—zl
torr—1, |

5. A method aceordmg to claim 2 in whlch the sur-
face 1s maintained at ambient temperature and the
power input applled to unit area of the target per unit
reduced pressure is between 20 and 200 watts cen-

6. A method according to claim 2 in which the power
input applied to unit area of the target per unit reduced

~ pressure is greater than 200 watts centimeter—2 torr—1.

35
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45

the plasma is generated. Surfaces having areas of hun-

dreds of square centimeters can be coated, in contrast to
r_methods of application using an 1on beam of restricted
Cross section. |

" There is however a limit to the thickness of amor-

50

phous carbon coating which can be applied; it has been

found that a film greater than about a few micrometers

- thick (depending on the substrate material) cracks spon-
taneously during deposition, and that films thicker than

a few thousand Angstrom units (depending on the sub-
strate material) tend to crack a few days after deposi-
- tion. These effects are believed to be due to hydrogen
- gas trapped in the film and unable to pass threugh the
amorphous carbon layer.

It may be advantageous to clean a surfaee before
deposition by, for example, sputtering.

I claim: .

1. A method of applylng a non-crystalline carbona-
" ceous material to a surface consisting of the steps of:
(1) placing the surface in a single enclosure;
(2) evacuating the single enclosure;

3
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7. A method of applying a carbonaceous materlal to a

'surface consisting of the steps of:

(1) placing the surface in an enclosure containing a
gas at less than atmospheric pressure, the gas con-
sisting essentially of carbon and hydrogen; and

{2) connecting the surface through capacitive means
to one terminal of a source of electromagnetic
radiation at a frequency of between 0.5 and 100

 megahertz, and connecting the other terminal of

~the source to an electrode spaced from the surface,
whereby simultaneously a plasma is generated in the gas

and a net negative bias potential 1s maintained on the

surface with respect to the plasma so that positive ions
are attracted to the surface during a part of each electri-
cal potential cycle solely by the provision on the surface
of the net negative potential resulting in a carbonaceous
material being deposited on the surface. -
8. A method of applying a carbonaceous materlal to
two spaced surfaces, said method consisting of the steps
of: | S |
(1) placing the two surfaces in an enclosure contain- -
ing a gas at less than atmospheric pressure, the gas
- consisting essentially of carbon and hydrogen; and
(2) connecting each surface through respective ca-
pacitive means to a different terminal of a source of
 electromagnetic radiation at a frequency of be-
tween 0.5 and 100 megahertz, |
whereby simultaneously a plasma is generated in the gas
and a net negative bias potential is maintained on each
surface with respect to the plasma, so that positive ions
are attracted to the surface during a part of each electri-
cal potential cycle solely by the provision on the surface
of the net negative potential resulting in a carbonaceous
material being deposited on the surface.
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9. A method of applying a carbonaceous material to a

surface consisting of the steps of: . .

(1) placing the surface in an enclosure containing a

gas at less than atmospheric pressure, the gas con-
sisting essentially of carbon and hydrogen;

(2) connecting the surface through capacitive means

to one terminal of a first source of electromagnetic

radiation at a frequency of between 0.5 and 100
‘megahertz; |

(3) connecting the other terminal of the source to an
‘electrode spaced from the surface, whereby a net
negative bias potential is maintained on the surface:
and . |

(4) simultaneously generating a plasma in the gas by

means of a conducting coil surrounding the surface

and connected to a second source of electromag-
netic radiation at a radio frequency. B

10. A method of applying a carbonaceous material to

a surface consisting of the steps of: |

10

15

- 20

25

30

o 10 . o

(1) placing the surface in an enclosure containing a
gas at less than atmospheric pressure, the gas con-
sisting essentially of carbon and hydrogen;

(2) connecting the surface through capacitive means
to one terminal of a source of electromagnetic
radiation at a frequency of between 0.5 and 100
megahertz; | S

(3) connecting the other terminal of the source to an

“electrode spaced from the surface, whereby a net
negative bias potential is maintained on the surface:
and simultaneously generating a plasma in the gas
by means of a heated filament and a spaced further
electrode and a net negative bias potential is main-
tained on the surface with respect to the plasma so
that positive ions are attracted to the surface during
a part of each electrical potential cycle solely by

. the provision on the surface of the net negative
potential resulting in a carbonaceous material being

deposited on the surface.
a ¥ % ¥ % &

35

45

50

53

65



	Front Page
	Drawings
	Specification
	Claims

